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INTRODUCTION AND HISTORICAL REVIEW 
A number of investigators have observed and suggested 
that certain patterns of antimicrobial susceptib~lity tests 
might be helpful as an aid in the identification of certain 
bacteria. The Klebsiel1a-Enterobacter-Serratia group has 
received most attention. The study of Herrell et al. ( 1964), 
the first to attempt such an investigation, concentrated on 
Klebsiella. This was followed by Eickhoff et al. (1966), 
Koch and Rose ( 1966), Edmondson and Sanford (1967), Lerner 
and Weinstein (1967), Ramirez ( 1968), Zabransl'Y et al. (1969), 
Washington (1969), Washington and Bourgeois (1969), Russel 
(1969), Wilfert et al. (1970), Greenup and Blazevic (1971), 
Friedman and MacLowry (1973), Darland (1975), Klein et al. 
(1975), and Hall (1976). 
The antibiogram pattern was also used in the identifica-
tion of the rod-shaped Gram negative non-fermenters. Von 
Graevenitz and Redy (1968), were the first to suggest its 
application to this group. This work was followed by Hugh 
and Reese ( 1969), Washington ( 1969), Lowbury et al. ( 1969), 
Gilardi (1971), Klaster~ky (1971), Mo6dy et al, (1973), 
Martin et al. ( 19'73), Hugh and Gilardi ( 1974), Sielaff et al. 
(1976), Buell: et al. (1977), Oberhofer et al. (1977), and 
Berkowitz (1978). 
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The use of the antibiogram as an aid to identificati.on 
of bacteria was also applied to the streptococci. Maxted 
(1953) reported a reliable presumptive·identification of 
Group A streptococci by bacitracin susceptibility. Jones 
et al. ( 1957) studied the susceptibility of streptococci 
Group D to 21 antimicrobial agents. Lee (1972) studied 
the antibiogram patterns of Group D streptococci, and com-
pared antibiotic susceptibility patterns with the "viridans 
group". Thornsberry et al. (1974) compared antibiotic sus-
ceptibility patterns of §.. bovis and Group D enterococci. 
Karchmer et al. (1975) compared the susceptibilities of 
streptococci serotypes A,B,C,D,F,G,H,L, and M to clincamycin 
and lincomycin. Gunn .(1976) compared reactions to Groups 
A and B to bacitracin (Taxo A) and sulfamethoxazole-trimetho--
prim (SXT, bactrim, Septra), and most recently, Storey (1977) 
studied the.susceptibility patterns of Groups A,B,D enterococci 
and Group D non-enterococci to thirteen antimicrobial agents. 
This study is a continuation of the investigations of 
Hall (1976), Storey (1977), and Berkowitz (1978) on anti-
microbial susceptibility patterns of bacterial isolates from 
local hospitals in Stockton, California. It extends the 
work of Hall (1976) on the K-E-S group to include three 
species of Proteus and Escherichia coli. New antibiotics 
(tobromycin, amikacin and cefamandole) are also added to 
the antibiogram. 
The genera of Enterobacteriacae selected for this study 
are: Klebsiella, Enterobacter, Serratif!:., Proteus, and 
~--
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Escherichia. A brief history of these genera and their 
species follows: 
The genus Klebsiella is a member of the tribe Klebsielleae. 
Three species are recognized; !· pneumoniae (Friedlander's 
bacillus), K. ozaenae and K. rhinoschleromatis. Klebsiella 
pneumoniae is the most frequently encountered species; its 
identifying characteristics and those of the other two 
species are listed in Table I. 
K. pneurrioniae is widely distributed in nature including 
vegetation, soil, and water, and is isolated normally from 
the intestines of man and other vertebrates. It is associated 
with human pathological conditions especially the urinary 
and the upper respiratory tracts. K. ozaenae is found in 
ozaena and other pathological conditions of the uppe! respira-
tory tract. ~- rhinosch1~romati.s is found exclusively and 
constantly in patients with rhinoscleroma and their contaets. 
Ozaena and rhinoscleroma are rare diseases in the United 
States. 
The genus Enterobacter is a member of the tribe Kleb-
sielleae. Four species are recognized by some researchers: 
E .. cl~~ • .§_. aerogenes, .§_. liquefaciens and E. hafniae. 
E. cloacae is the most frequently encountered species in 
clinical material. Its identifying characteristics along 
with those of the other three species are given in 
'J:'able II. 
Enterobacter has had a confusing and complicated history 
of taxonomy and nomenclature. The first problem is 
b---
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classification arises from the fact that la.ctose was first 
used to identify genera of the family En.terobacteriacae, 
but since some strains of Enterobacter (called Aerobacter 
at that time) had delayed lactose fermentation they were 
placed in a separate genus Paracolobactrum along with the 
non-pigmented Serratia. Motility was used to differentiate 
Klebsiella from _!':nteroba.cter (~eroha.ster) and until decar-
boxylase tests were ].ntroduc.ed; the two genera were dif-
ferentiated primarily on this basis. Subsequently the term 
Ae~9bacter aerogenes was coined for the motile forms. In 
1953 Kauffman reintroduced the name Cloaca cloaca for the 
----
·motile strains, a name that was retained until this group 
was divided into Groups A and B by Hormaeche and Munilla 
( 1957) on the basis of gas production from inN>i. tol, and 
dehydrolase reaction of arginine. IJater Group C was 2.dded 
to accommodate the bacteria' described by Grimes and Hennerty 
( 1931). Hormaeche and Edwards (1958) suggested that 
Cloa~.§: A be named ~erobacter cl~acae, and Cloac§:. B, ~-
aetog~ne~. Hormaeche and Edwards (1960) substituted the 
generic name Enterobact':'_E_ for Aerobacter, "in an attempt 
to avoid confusion tha.t might result from reelassifi.cation 
in the genus Klebsiel].a of many nonmotile bacteria pre-
viously classified as~- aerogenes", and redefined the two 
species: ;En:!_erobaete:;:: aeros;enes and E._~loaca~. In 1962 
Edwards and Ewing transferred Aerobacter C (Group C), later 
named Aerobacter li_9.E.S·daeiens by Grimes (1961), to the 
The generic name, ~.ntero!~~eter. was 
!.d_ _______ .-
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adopted as proper nomenclature in 1973 by the Judicial Com-· 
mission of the International Committee on Bacteriological 
Nomenc.lature. ·The remaining species, E. hafniae was first 
described by Moeller (1954) as Hafnia alvei and later trans-
ferred to the genus Enterobacter in 1961 by Sakazaki. 
The status of Enterobacter liquefaciens remains uncer-
tain. Many microbiologists recognize it as a species of 
Enterobacter. Bas comb et al. ( 1971) studied 177 strains 
of "Klebsiella and related groups" using three methods of 
cluster analysis: median sorting of Gower, single linkage 
cluster analysis of Sneath and the minimum spanning tree 
method of Gower and Ross. The authors concluded that cer-· 
tain so-called "~nterobacter liquefaciens" strains (identi-
fied as such by biochemical tests) are more related to Ser-
ra.ti~ than to En_'li_~bacter, and transferred the species to 
the genus Serratia. 
The genus Serratia is a member of the tribe Klebsiellae. 
Three species are recognized in this genus: S. marcescens 
the type species, .§_. liquefaciens and.§.. rubidaea. Their 
identifying characteristics are listed in Table III. 
Serratia, like Enterobacter, has a confusing and compli-· 
. cated history. Bergey's.Manual (1948) placed the Serratia 
in the tribe Serratiae. Davis and Ewing (1957), Ewing ( 1963), 
Fife et a1. (1965) recognized the genus Serratia as a member 
of the tribe Klebsielleae. Davis and Ewing (1957) recognized 
one speeies, S. mareescens. Other species (.§.. indica,, 
l=L_------
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S. anolium, §.. l21l9_septi_£, etc.) could not be distinguished 
from§.. marcescens and were considered as synonyms. Martinec 
and Kocur (1960) studied several."subspecies" and agreed 
with the conclusion of Davis and Ewing (1957). This con-
fusion was partly due to a belief that all strains of S. 
marcescens were red pigmented. It is evident today, how-
ever, that the red pigment, produced usually at room tern-
perature, is a characteristic of a minority of the strains . 
. li· liquefaciens has already been discussed. S. rubidaea 
was originally described as Bacterium ruliida·ea by Stapp in 
1940. During a study of 109 strains of "~ratia _liquefaciens" 
received at the Enteric Bacteriology Laboratories of the 
Center for Disease Control, Atlanta, Georgia, Ewing et al. 
(1973) recognized 49 strains with common characteristics but 
differed in some respects from both ~· marcescens and S. 
liquefacien~. The authors also noted the similarity of these 
49 strains to B. rubidaeum. Since these strains had charac-
teristics intermediate between those of S. marcescens and 
S. J.iquefaciens, Ewing et al. (1973) suggested transferring 
B. rubidaeum to the genus Serratia. 
The genus P~Qteus is a member of the tribe Proteae. 
Rustigan and Stuart (1945) presented a classification of 
Proteus which gained wide acceptance. This classification 
recognized four species: P. vulgaris the type species, 
~· mirabilis, P. !llorganii and f. rettgeri. Their identifying 
characteristics are listed in Table IV. 
~--­
~--------- --------
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The genus Escherichia is a member of the tribe 
Escherichiae. Only one species is recognized, Escherichia 
coli (Castellani and Chalmers, 1919) with many serotypes. ~--
' 
MATERIALS AND METHODS 
One hundred and twelve strains of enteric Gram negative 
bacilli were isolated in the clinical laborato:r·y of Dameron 
Hospital, Stockton, California, between December 1977 and 
April 1978. At Dameron Hospital these strains had been 
identified to species by the Encise II Enterotube (Roche 
Diagnostics, New Jersey) method. Single colonies of each 
strain were obtained by subculture on Eosin Methylene Blue 
Agar (EMB) plates and transferred to the tryptic .soy agar 
(TSA) slants. All stock cultures were stored at 2-8 C for 
future investigat:Lons. Each isolate was studied for bio-· 
chemical activities, physical characteristics and anti-
biogram pattern. Media, prepared according to procedures 
listed on pages 44-50 were autoclaved at 121 C at 15 lbs. 
pressure, for fifteen minutes (ten minutes for carbohydrates). 
Cultures were incubated at 36 + 1 C for 24-48 hours. 
Biochemical and physical characteristics utilized to 
identify the species of the Enterobacteriaceae are: indole 
product ion,· PJethyl red test , Voges Proskauer, Simmons' 
citrate, hydrogen sulfide production, Christensen's urea, 
decarboxylation of lysine and ornithine, dihydrolati.on of 
arginine, deamination of phenylalanine, fermentation of 
carbohydrates (glueose, lactose (ONPG), mannitol, dulcitol, 
8 
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salicin, adonitol, inositol, sorbitol, arabinose, raffinose, 
rhamnose, melibose), deoxyribonuclease activity, gelatin 
hydrolysis and motility (Tables I - V). 
Motility and Christensen's Urea agar slants were pur-
chased from Bennett Bakte Laboratories (Berkeley, Ca.) and 
carbohydrate fermentation tablets from Key Bcientific Pro-
ducts Co. (Los Angeles, Ca. ) . Antimicrobial discs were 
obtained from Difco Co. (Detroit, Mich.). All other media, 
including phenol red glucose and phenol red sucrose, were 
prepared by the author. The ONPG tablets (Key Scientific) 
were used instead of Lactose fermentative tablets. Deoxyribo-
nuclease (DNA-se) and gelatin hydrolysis tests were per-
formed only on strains identified presumptively as Enterobaeter 
and Serratia.. 
In susceptibility studies, the following antimicrobial 
discs and their concentrations (Table VIII) were used; 
ampicillin (10 ug), carbenicillin (100 ug), streptomycin 
(10 ug), gentamicin (10 ug), tobromycin (10 ug), kanamycin 
(30 ug). Neomycin (30 ug), a.mikacin (30 ug), cefamandole 
(30. ug), cephalothin (30 ug), polymyxin B (300 ug) and nitro-
furantion (300 ug). The disc agar diffusion technique for 
antimicrobial studies was used (Page 44) but substituting 
tryptic soy agar for Mueller Hinton medium. No significant 
differences were observed in the results when compared with 
those obtained at Dameron Hospital where Mueller Hinton 
medium is employed. 
t::: 
~---=--------
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Percent positive reactions obtained from charts sup-
plied by Roche Diagnostics (New Jersey) and API (Plainview, 
N.Y.) based on results obtained with their kits, are in-
eluded for comparison in Tables I-V, columns B and C, 
respectively. 
--- ---- -----
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RESULTS 
One hundred and twelve isolates were i.dentified in 
this study and found to belong to nine species: Klebsiella 
f>.!!.~1l~niae (28), Enterobacter cloacae ( 21), E:. aero genes 
(12), Serratia marceseens (6), S. liquefaciens (6), Proteus 
vulgaris (2), P. mirabilis (20), P. morganii (2), and 
Escherichia coli (15). 
Figures representing percent positive reactions for each 
species are indicated in column A of Tables I through V, 
and are compared with those obtained on thousands of tests 
using Roche diagnositc (column. B) and API (column C) test 
kits. 
Important biochemical characteristics, diagnostic of 
each speices, and its antibiogram patterns follow. 
Klebsiella pneumoniae (Schroeter) Trevisan, 1887 
Synonyms: _!(lesiella aero genes; Klebsiell~ oxytocum; Bacterigll~ 
p_z1eurnoniae crouposae; .!Ix_aloccu~ pneumoniae; 
Bacillus pneumoniae 
BIOCHEMICAL TESTS (Table I) 
Ninety to one hundred percent of the strains were posi-
tive for: Voges Proskauer, citrate, urease, lysine decar-
boxylase, gas from glucose, fermentation of lactose, sucrose, 
Dianni tol, salicin, inositol, sorbi to I, ara.binose, raffinose, 
11 
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rhamnose, melibiose, and negative for n2s production, motility, 
arginine dihydrolase, ornithine decarboxylase and phenyla-
lanine deaminase. Adonitol was fermented by 89% of the 
strains. These results are in close agreement with those 
reported in Roche Diagnostic and API charts. 
ANTIMICROBIAL SUSCEPTIBILITIES (Table VI) 
Except for one strain (2.8%) which showed intermediate 
resistance to nitrofurantoin, 100% of the strains were re-
sistant to ampicillin and carbenicillin, and 14% to 
streptomycin. Reaction to the other antimicrobial drugs 
in all cases showed 100% susceptibility (Table VI). 
In summary, diagnostic characteristics of~- pneumoniae 
include:. non-motile, lysine decarboxylase positive, arginine 
dehydrolase and ornithine decarboxylase negative, arabinose, 
raffinose, rhamnose positive, and DNA-se negative. 
Enterobacte~ cloacae (Jordan) Hormaeche and Edwards, 1960 
Synonyms: Bacillus cloacae: Bacterium cloacae; floaca 
cloacae; Aerobacter cloacae; Aerobacter !':_; Cl~ A 
BIOCHEMICAL TESTS.(Table II) 
Ninety to one hundred percent of the strains were posi-
tive for: Voges Proskauer, citrate, motility, arginine 
dihydrolase, ornithine decarboxylase, gas from glucose, fer-
mentation of lactose, sucrose, mannitol, sorbitol, arabinose, 
raffinose, rhamnose, melibiose, and negative for indole, 
methyl red, H2S production, lysine decarboxylase, phenylalanine 
~--
- -----------
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deaminase, and fermentation of dulcitol, and DNA-se. These 
reactions are in close agreement with the data from Roche b, __ _ 
~ cc-=- ------
Diagnostics chart (column B) and API chart (column C). []--
ANTIMICROBIAL SUSCEPTIBILITIES (Table VI) 
All strains of E. cloacae were susceptible to genta-
micin, tobromycin, kanamycin, neomycin, amikacin, and 
ce.famandole. Only ampicillin and cephalothin showed total 
resistance with partial resistance to polymyxin B (5%) and 
nitrofurantoin (9%). Intermediate resistance was seen in 
5% of the strains to carbenicilin. =-------
- -
Like K. pneumoniae and:!!!· aerogenes, E. cloacae ferments 
arabinose, raffinose and rhamnose. From K. pneumoniae, it 
may be distinguished by motility, and positive arginine de-
hydrolase and ornithine decarboxylase tests. From:!!!· aeroge,nes, 
it differs by negative lysine decarboxylase and positive 
arginine dehydrolase tests. 
Li.ke E. aerogenes, it is resistant to ampicillin and 
cephalothin. It seems to be more sensitive to carbenicillin 
Enterobacter aerogenes (Kruse) Hormaeche and Edwards, 1960 
Synonyms: B~~illu~ aerogenes; Aerobacter aerogenes; 
Aerobacter ~; Cloaca B 
BIOCHEMICAL TESTS (Table II) 
Ninety to one hundred percent of the strains were posi·-
tive for: Voges Proskauer, gas from glucose, fermentation of 
14 
lactose, sucrose, mannitol, ~alicin, sorbitol, arabinose, 
raffinose, melibiose, and negative for indole, methyl red, ~-==-=-== 
--- -
H2S production, arginine dihydrolase, phenylalanine deaminase, 
fermentation of dulcitol and DNA-se. These results are in 
close agreement with national values as reported by Roche 
Diagnostics (column B) and API charts (column C) except 
for urease (33%, 5%, 3%), adonitol (67%, 95%, NT), inositol 
(83%, 96.5%, 100%) and rhamnose (83%, 99.2%, 100%). 
ANTIMICROBIAL SUSCEPTIBILITIES (Table VI) 
All strains of ~· aerogenes were susceptible to strepto- ~---~--'- --
mycin, gentamicin, tobromycin, kanamycin, neomycin, amikacin, 
polymyxin B, and nitrofurantoin. Only ampicillin and 
cephalothin showed total resistance with partial resistance 
to carbenicillin ( 42%) and cefamandole ( 33%). 
~. ~rqg~~.§. ferments arabinose, raffinose, rhamnose, 
and is DNA-se negative, sharing these characteristics with 
~· pneumoniae, but may be distinguished from this species 
by motility, a positive ornithine decarboxylase test, and 
resistance to cepha.lothin. 
SerFa!ia marcescens (Bizio) Bizio,l823 
Synonyms: Bacillus _marcescens; §_. fl:iliensis; § .. indica; 
§_. plymuthica; S. piscatorum; §_. anolium; §_. 
N_oseptica. 
BIOCHEMICAL TESTS (Table III) 
Ninety to one hundred percent of the strains were positive 
15 
for Voges Proskauer, citrate; motility, lysine decarboxylase, 
ornithine decarboxylase, fermentation of lactose, sucrose, 
mannitol, salicin, inositol, sorbitol, gelatin, DNA-se, and 
. negative -for indole, HzS production, phenylalaine deaminase, 
fermentation of dulcitol, arabinose, raffinose, and rhamnose. 
These findings are in close agreement with national values 
as reported in Roche Diagnostics chart (column B) and API 
chart (column C). 
ANTIMICROBIAL SUSCEPTIBILITY (Table VI) 
· All strains of S. marcescens were resistant to ampl.cillin, 
cephalothin and nitrofurantoin, and sensitive to streptomycin, 
gentamicin, tobromycin, kanamycin, neomycin and amikacin. 
Eighty-three percent were susceptible to polymyxin B and 17% 
showed intermediate susceptibilHy. Four strains (67%) were 
susceptible to carbenicillin and two (33%) were resistant. 
A positive DNA-se test distinguishes.the genus Serratia 
from Klebsiella and Enterobacter. In addition S. marcescens 
does not ferment arabinose, raffinose or rhamnose. Resistance 
to nitrofurantoin characterizes both S. marcescens and S. 
liquefacj.ens and, if also true of S. rubj_daea, it may _be of 
generic significance. 
Serratia liquefaciens (Grimes and Hennerty) Ewing, 1963 
Synonyms: Aerobacter liquefaciens; Enterobacter liquefaciens 
BIOCHEMICAL TESTS (Table III) 
Ninety to one hundred percent of the strains were positive 
"'-- --
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for: Voges Proskauer, citrate, motility, lysine and ornithine 
decarboxylase, fermentation of lactose, sucrose, mannitol, 
salicin, adonitol, sorbitol, arabinose, raffinose, gelatin, 
DNA--se and negative for indole, methyl red, H2S production, 
arginine dehydrolase, phenylalanine deaminase and fermentation 
of dulcitol. These results are in close agreement with 
national values as reported in Roche Diagnostics chart 
'(column B) and P..PI chart (column C). 
ANTIMICROBIAL SUSCEPTIBILITY (Table VI) 
All strains of §.. liquefaciens were susceptible to strepto-
mycin, gentamicin, tobromycin, kanamycin, neomycin and 
amikacin. All of the strains showed resistance to ampicillin, 
cephalothin and nitrofurantoin. Eighty-three percent of the 
strains were susceptible to polymyxin B and 17% resistant. 
Sixty-seven percent were susceptible to carbenicillin and 33% 
resistant. Reaction to cefamandole was variable, 50% showi.ng 
resistance, and 33% intermediate susceptibility and 17% sus-
ceptibili ty. 
Proteus vulgaris (Hauser) Hauser 1885 
Synonyms: P;r-oteus zenkeri; Proteus paraamericanus 
BIOCHEMICAL TESTS (Table IV) 
Two strains were investigated in this study. One was 
isolated from a hospital patient the other obtained from the 
American Type Culture Collection (ATCC 13315) the results of 
the biochemical tests and antibiotics patterns are listed 
~---
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separately in Table IV for the two strains. The ATCC strain 
differs from the patient's isolate in giving a negative re-
action in the methyl-red test and in its inability to produce 
gas from glucose. 
ANTIMICROBIAL SUSCEPTIBILITY (Table VII) 
The antimicrobial pattern (Table VII) shows significant 
differences with respect to certain antibiotics. The ATCC 
strain is sensitive to ampicillin, cefamandole, polymyxin B 
and shows intermediate susceptibility to cephalothin. The 
patient's strain, in contrast, shows resistance to these four 
antibiotics. 
The small number of strains studied here does not allow 
any specific conclusions except to indicate that observations. 
by clinical microbiologists (F.M. Nahha.s - personal communica-
tion) suggest that the antib~ogram of the patient's strain 
observed in this study is very typical of strains of ]?_. vulgaris 
encountered elsewhere in the country as revealed by BAC-DATA 
reports. 
Proteus mirabilis (Hauser) Hauser 1885 
BIOCHEMICAL TESTS (Table IV) 
Ninety to one hundred percent of the strains were posi-
tive for methyl-red, citrate, urease, motility, ornithinede-
carboxylase and phenylalanine deaminase and negative for indole, 
lysine decarboxylase, arginine dihydrolase. Forty percent 
of the strains produced gas from glucose, no other sugars were 
~=...::= 
;;;:;----
,. 
~.---
18 
fermented. The results are in close agreement with national 
values as represented by Roche Diagnostics chart (column B) 
and API chart (column C) except for citrate (100% compared 
with 59 and 47.2%), HzS.(65% compared with 94 and 94%) and 
gas from glucose 40% compared with 96% and NT). 
ANTIMICROBIAL SUSCEPTIBILITY (Table VII) 
Ninety to one hundred of the strains of P. mirabilis 
were susceptible to ampicillin, carbenicillin, gentamicin, 
tobromycin, kanamycin, neomycin, cefamandole and cephalothin, 
and resistant to polymyxin B and nitrofurantoin. The anti-
biogram seen in this study is agreement with that reported by 
the BAC-DATA. 
Proteus EJOrganii. (Winslow, Klinger and Rothberg) Yale 1939 
~IOCHEMICAL TESTS (Table IV) 
[1-
- __ _ 
The two strains investigated in this study gave identical t ~ 
results in their biochemical and antibiogram activities. Both 
were positive for indole, methyl-red, urease, motility, 
ornithine decarboxylase, phenylalanine deaminase, and nega-
tive for Voges-Proskauer; citrate, HzS production, lysine de-
carboxylase and arginine dihydrolase. Gas was produced from 
glucose but no other sugar was fermented. These reults are 
in close. agre<cmen t with national values as represented by 
Roche Diagnostics chart (column B) and API chart (column C). 
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ANTIMICROBIAL SUSCEPTIBILITY (Table VII) 
Both strains were susceptible to carbenicillin, strepto-
mycin, gentamicin, amikacin, cefamandole and nitrofurantoin. 
Resistance was shown to ampicillin, cephalothin and poly-
myxin B. 
P. morganii shows an antibiogram patter close to that 
of P. vulgaris, except perhaps for cefamandole. Larger sam-
ples of these two species should be studied before any definite 
conclusions made. Results of testing of cefama.ndole have 
not been released by its manufacturer (Eli Lily, Indiana). ~--
~---
Escherichia coli (Migula) Castellani and Chalmers 1919 
Synonyms: Bacterium. coli commune; Bacillus coli; Bacterj.um 
coU. 
BIOCHEMICAL CHARACTERISTICS (Table V) 
Fifteen iso1ates were studied and their bioehemical and 
antibiotic characteristics are listed below: Ninety to one 
hundred percent of the strains were positive for indole, 
methyl red and lysine decarboxylase, and negative for Voges 
Proskauer, citrate, H2S production, urease and phenylalanine 
deaminase. All strains produced gas from glucose, fermented 
lactose, mannitol, sorbitol, arabinose and rhamnose. Fermenta-
·tion of the other sugars and other characteristics are vari-
able. These results are in close agreement with national 
values as reported in Roche Diagnostics chart (column B) and 
API chart (column C). 
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~TI_MICROBIAL SUSCEPTIBILITIES ('!'able VII) 
All strains of E. coli were susceptible to gentamicin, 
tobromycin, kanamycin, neomycin, amikacin, cephamandole and 
polymyxin B. An intermediate resistance was shown by 13% 
of the strains to streptomycin, and 13% were resistant to 
ampicillin, carbeicillin, cepalothin and nitrofurantoin. 
Sixty percent of the strains were sensitive to streptomycin, 
27% resistant and 13% showed intermediate susceptibility. 
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DISCUSSION 
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Until the introduction of modern chemotherapy and specific-
ally antibiotics, members of the Enterobacteriacae, (with the 
exceptions of Salmonell~, Shigell~) were considered of minor 
significance as a primary cause of serious infections. 
In the last thirty years, a change in epidemiologic pat-
terns has taken place with the observations that Klebsiella, 
Enterobacter,Serratia, Proteus, Providencia, Arizona, 
Ci trobacter, _!';d~_ardsiella and Escherichia are becoming a major 
cause of infectious disease. It has also become evident that 
there are very few antimicrobial agents that are uniformly 
effective against all these organisms andjor useful in the 
treatment of all patients under all conditions. It is essen-
tial, therefore, to accurately identify each species and 
determine its antimicrobial susceptibility. This study is 
concerned with one hundred-twelve isolates which were found 
to belong to the genera: Klebsiella, Enterobacter, Serratia, 
Proteus and Escherichia. Although b:i..ochemical tests have been 
standardized for the identification of these species, they 
have not completely solved certain taxonomic and nomenclatural 
problems. Since the use of a large number of biochemical tests 
is not feasible andjor practical in clinical labciratories various 
21 
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investigators (see Introduction) have suggested the use of 
antibiograms as an aid in the identification of species since 
antimicrobial testing is normally performed on clinically sig-
nificant isolates. In this study detailed biochemical 
testing was used to identify the organism, and antibiotic sus-
ceptibili.ties performed to determine patterns. In an attempt 
to compare results of antibiograms with those of early in-
vestigators, certain difficulties were encountered. Some of 
these relate to the use of Minimum Inhibition Concentration 
(MIC) technique, instead of the less time consuming disc 
agar diffusion method. Some researchers used as few as two 
antibiotics, others as many as 21. A few investigators re-
ported their findings on the basis of species, others at the 
generic level. It should also be emphasized that differences 
in susceptibility patterns may appear as a result of dif-
ferences in testing methods as well as the degree of usage 
of particular antimicrobial substance. Comparisons, there-
fore, among various studies should be made with caut j.on. ~ --
The results of biochemical studies in the present investi-
gation are compared with the data given in Roche Diagnositcs 
and the API charts. Scores of laboratories have used the 
"kits" of these two companies, testing them on thousands of 
isolates. Both API and Roche Diagnostics emphasize that the 
values given in their charts, are applicable to identification 
of these bacterial species only if their "kits" are used. 
It is evident, however, that the results are comparable. 
It is common practice among microbiologist to accept a 
23 
trait as a major characteristic of a species, if 90-100% of 
the strains exhibit this trait. Applying this practice to the 
present study, certain patterns emerge. One pattern is ap-
plicable to the Klebsiella-Enterobacter-Serratia group and 
another to the Proteus group and a third peculiar to E!· col!. 
·It should be remembered that a competent microbiologist 
can recognize a member o.f the K-E-S group as distinct from 
the Proteus and Escherichia groups presumptively on the basis 
of colonial morphology and color on differencial-selective 
media usually used in a clinical laboratory. 
The genus Klebsiella is non-motile, whereas Enterobacter 
and Serratia are motile. This characteristic has been used 
to separate the three genera on a presumptive basis keeping 
in mind that mutations may cause loss of motility in a small 
number of strains of Enterobacter and ~erratia. Distinguishing 
Serratia from Enterobacter is more difficult since there are 
many common characteristics between the two genera. The 
present author agrees with Rothberg and Swartz (1965) and 
Blazevic (1969) in emphasizing the importance of the DNA-se 
test, and recommends its use to distinguish between ~erra!ia 
(DNA-se positive) and Enterobacter (DNA-se negative). All 
strains of S. marcescens ~nd S. rubidaea studied for that 
characteristic·, are DNAse positive. In the case of S. 
liquefaciens some strains have been reported DNA-se posi ti.ve, 
others negative, but the majority reported in the literature 
has not been investigated for this characteristic. The author 
!::!'= __ :___:::-:--=== 
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believes that those strains of ~- liguefaciens reported as 
DNA-se negative are probably E!· aerogenes, and recommends per-
forming the DNA-se test routinely on all isolates suspected 
to belong to the _!!:nterobacter--Serratia complex. Using the 
data from Tables I, II, III, VI a limited number of biochemical 
tests and antimicrobial agents seem to be sufficient to identify 
the most common members of this group. The biochemical test 
include: motility, lysine decarboxylase, arginine dihydrolase, 
ornithine decarboxylase, the three sugars arabinose, raffinose, 
rhamnose, and DNA-se. Among the antimicrobial drugs, the 
aminoglycosides (streptomycin, gentamicin, tobromycin, kana-
mycin, neomycin and amikacin) are not relevant to the identifica-
tion of the K-E-S group since most of the strains, if not 
all, are susceptible. The vari.ous species in this group show 
different patterns of susceptibility or resistance to arnpi-
cillin, carbenicillin, cefamandole, cephalothin and nitro-
furantoin. Tables VI and IX suggest that nitrofurantoin might 
be used in conjunction with DNA-se test to distinguish Serratia 
from Enterobacter and Klebsella. Table IX also suggests a 
distinctive antibiogram pattern for _K. pneumonia<:_, consisting 
of R S S S (carbenicillin-cefamandole-cephalothin-nitrofurantoin). 
It also suggests two distinct patterns for the genera Entero-
bacter and Serrati.a but not for t_he species within each genus. 
For Enterobaeter the pattern is SR SR R S and for Serrati.a 
SR RS R R. Development of resistanee to carbenicillin is 
known to occur rapidly. This has been shown to be the case 
at least in Pseudomonas aeruginosa infections (personal 
~ -
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communication- F.M. Nahhas). The present study probably 
suggests the appearance of reduced susceptibility to carbeni-
cillin by members of the Enterobacter-Serr~tia group in our 
community. Cefamandole, as indicated earlier, has not been 
approved by the Federal Drug Administration (FDA) for common 
usage, as of this date. Cefamandole is a cephalosporin re-
lated to cephalothin. The present study suggests its advant-
age over cephalothin in the treatment of Enterobacter infec-
tions. As an aid in identification, Table VI suggests its 
possible usefulness in distinguishing between Serratia (mostly 
resistant) and Enterobacter (mostly sensitive). 
Proteus Group 
The antibiotic pattern that characterizes the patients 
strain of E· vulaar1s, is typical of most if not all clinical 
isolates en.ooun tered today (personal c.ommuni.cat ion - F. M. 
Nahhas), namely resistance to ampicillin, cephalothin and 
polymy;xin B. The reaction of E· vulgaris to nitrofurantoin 
varies with strains, it may be susceptible, resistant or 
intermediate. Comparing the antibiogram of this strain with 
ATCC 13315 strain, an investigator can nnly raise the ques-
tion as to whether or not present day resistance of £. 
· vulgs.ris is the result of mutations induced by the antibiotics. 
Positive phenylalanine deaminase is the single most 
important characteristic of the Tribe Proteeae which includes 
the genera Proteus and Providencia. Providencia species are 
urease negative, whereas.Proteus is positive for that charac-
teristic. Proteus mirabilis is the most common species of 
8 
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proteids encountered in clinical material. Most strains of 
P. mirabilis are susceptible to penicillin G, an antibiotic 
that was not used in this study whereas other proteids are 
resistant. Table IV shows clear cut divisions in biochemical 
reactions among the four species of Proteus, and the anti-
biogram pattern also suggests distinctive patterns. As with 
the K-E-S group, the amninoglycoside antibiotics do not seem 
to be necessary in identification. Table IV, VIII and IX 
suggest that a pattern of a few biochemical tests (indole- H2s 
production-ornithine decarboxylase) and a few antibiotics 
(ampicillin, cefamandole, cephalothin, nitrofurantoin) is 
characteristic of each Proteus species. Table IX indicates 
that on the basis of ampicilli.n-cefamandole-cephalothin-
nitrofurantoin, Protem!. vulgaris has an antibiogram pattern 
of R-R-R-S, Proteus mirabilis S·-S·-S-R and Proteus morg_EJ-nii 
R-S···R-S. 
Escherichia coli 
Although several species of Escherichia appear in the 
older literature including early editions of Bergeys' Manual of 
Determinative· Bacteriology, most microbiologists recognize 
only one species, _!!!. coli,. with several serotypes. Only a 
few biochemical tests are needed to identify this species;· 
these are: fermentation of glucose and lactose·and + +-
IMViC test (indole, methyl red Voges-Proskauer, citrate). 
The "wild type" strains, namely isolates from vertebrates 
not exposed to antibiotics, are predominantly susceptible to 
fj---~-~ 
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to all antibiotics that act on Gram negative bacilli. Re-
sistance, therefore, is believed to be induced as a result p -__________ -:__ __ .,-___ _ 
of abuse of antibiotics. Undoubtedly spontaneous mutation g 
may contribute to the appearance of resistance; however, p --·-- . 
r-: -
genetic investigation in many laboratories in the United 
States, Europe, and Japan point out the role of certain 
episomes called Resistance Transfer Factors that are responsible 
for increased resistance in]. coli isolates. In the present 
investigation, resistance is evident to ampicillin, carbeni-
b --
cillin, cephalothin and n.i trofuran to in. Ampicillin and 
cephalothin are very commonly used today in the treatment 
of E. coli. Nitrofurantoin is an anti.microbial drug used 
exclusively in the treatment of urinary tract infections, and 
resistance to thi.s antibiotic is perhaps the result of abuse 
also. Streptomyein shows the least in--vitro activity; 27% 
bf the strains are resistant and 13% show intermediate sus-
ceptibility to this antibiotic. Since streptomycin is rarely 
used today this high percentage of resistance compared to the 
other antibiotics may be the result of a "carry over" of past 
resistanue. The antibiogram for E. coli in any one particu-
lar communi t:i! j_s R reflection of the use of these antibi.otics 
in that particular community. 
SUMMARY 
One hundred and twelve isolates were biochemically 
identified and found to belong to nine species: Klebsiella 
pneumoniae (28), Enterog~cter c~~~ (21), ~· aerogenes (12), 
Serratia marcescens ( 6), S. Q.guefaciens ( 6), Proteus 
vulgaris (2), ;J:. mirabilis (20), P. morganii (2), and 
Escherichia coli (15). 
All the isolates were subjected to 24~26 biochemical 
tests. Since a competent microbiologist is usually able to 
identify members of the Klebsiella - Enterobacter ·- Ser2::_!lt).~, 
Proteus and E. coli by colonial characteristics on differenttal -
selective pla.ted media, only a few biochemical tests are often 
necessary for definitive specific identification. The five 
species of the Klebsiella-Enterobacter-Serratia group may be 
distinguished by the motility test, lysine decarboxylase, 
arginine dihydrolase, ornithine decarboxylase, and DNA-se. 
Fermentation of arabinose,raffinose and rhamnose is essential 
to the identification of Serratia marcescens. DNA-se should 
be performed on all strains suspected to belong to Enterobacter_-
Serratia group. The three species of Proteus are distinguished 
by indole, H2s production, and ornithine decarboxylase. P. 
mirabilis is indole negative and ornithine decarboxylase posi-
tive, P. vulgaris is indole positive and ornithine decarboxylase 
28 
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negative. P. morganii is positive for both characteristics. 
The one hundred and twelve isolates were also subjected 
to in-vitro susceptibility studies using twelve antibiotics 
(ampicillin, carbenicillin, streptomycin, gentamicin, tobro-
mycin, kanamycin, neomycin, amikacin, cefamandole, cephalothin, 
polymyxin B and nitrofurantoin) to determine if each of the 
species has its own antibiogram pattern. The results indicate 
that the aminoglycosides (streptomycin, gentamicin, tobromycin, 
kanamycin, neomycin, and amikacin) are equally effective 
against most strains of the K-E-S species encountered. The 
Klebsiella-Enterobacter-Serratia group is resistant to ampi-
cillin abd a large percent of the strains sensitive to poly-
mxin B. ~lebsiell~ nneumoniae exhibits a distinctive pattern 
of resistance to carbenicillin and susceptibilities to 
cefamandole, cephalothin, and nitrofurantoin. All Enterobacter-
Serratia species are resistant to cephalothin. Nitrofurantoin, 
according to this study, may distinguish the genera Entero~ 
bacter ( sensitive) from Serratia (resistant). 
Reaction to cefamandole may not be generically relevent, 
although all 21 strains of E. cloacae were susceptible to this 
antibiotic, only 67% of the strains of E. aerogenes were. A 
small percent of Serratia was susceptible (33% S. marcescens 
and 17% S .. liquefaciens). A study of a larger sample of 
Serratia may be necessary before a concl~sive statement may 
be made. 
As in the case of the K-E-S group, the aminoglyco.sides 
are uniformly effective against all or most species of Proteus. 
1::":==-= 
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Therefore they are not relevant as and aid in identification. 
Proteus mirabilis, represented by 20 strains, shows a dis- ~-
c:;----
tinct antibiogram of susceptibility to ampicillin, cefamandole, fl----
w 
cephalothin, with most strains resistant to nitrofurantoin. ~~~ 
On the basis of one strain of Proteus vulgaris (ATCC strain 
excluded) this species, as isolate from clinical material, 
is resistant to ampicillin, cefamandole and cephalothin but 
sensitive to nitrofurantoin. The two strains of Proteus 
-----
morganii are similar to Proteus vulgaris in their resistance 
to ampiciJLi.n and cephalothin but differ in their sensitivity 
to cephamandole. If this pattern holds true of larger samples 
of proteus v1l1.garis and _Proteus morganii_, reaction to cefamandole 
may be an aid. in distinguishing between those two species. 
Eighty-seven percent to 100% of the strains of Escherichi_~ 
coli were sensitive to all antibiotics except for Streptomycin 
(60% susceptible). 
TABLE I 
BIOCHEHICAL ACTIVITIES OF.!_LEBSIELLA 
·. K .. penumoniae K. ozaenae K. rhinosc1eromatis 
A B c A1 B1 c A B c 
INDOLE 18 6 •. 8 24 0 0 
}!ETHYL RED 28 11.3 NT NT NT 
VOGES-PROSKAUER 96 93.7 86.6 31.~ 0 
SIMHONS' CITRATE 96 96.8 98.1 0 0 
HYDROGEN SULFIDE 0 0 0 0 0 
UREASE 100 95.4 85.3 10.3 0 
MOTILITY 0 0 NT NT NT 
LYSINE DECARBOXYLASE 100 97.2 95.1 48 0 
ARGININE Dih~DROLASE 0 0.6 1.6· 6 0 
ORNITHINE DECARBOXYLASE 0 0 .6 4 0 
PHENYLALANINE DEAHINASE 0 0 NT NT NT 
GASE FROM GLUCOSE 100 96 99.9 NT NT 
LACTOSE 96 98.7 98.7 98 0 
SUCROSE 96 99.3 99.6 16.3 51.5 
MANNITOL 100 100 99.9 100 100 
DUlCITOL 57 33 NT NT Nr 
SALICIN 100 99.7 NT NT NT 
ADONITOL 89 89 NT NT NT <:.:: ,_. 
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Table I (Continued) 
K. oenumortiae 
A· B c 
INOSITOL 96 97.2 97.3 
SORBITOL 100 99.4 99.9 
ARABINOSE 100 99.9 100 
RAFFINOSE 100 99.7 NT 
RHAMNOSE 100 99.3 99.6 
MELIBIOSE 100 NT 99.9 
GELATIN (37 C) NT 2.9 2.9 
DNA-ase NT NT NT 
K. ozaenae 
Al- B1 c 
58.6 
78 
100 
NT 
60 
.100 
0 
NT 
K. rhinosc1eromatis 
A B c 
80.4 
56 
0 
NT 
31.7 
21.9 
0 
NT 
1. Numbers in each co1uiiL.'1 represent percent positive: A) encountered in this study.; B) from Roche Diagnostic 
Chart; C) from API Chart; NT = not tested; lnot indieated. 
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TABLE II 
BIOCHEMIC.~ ACTIVITIES OF ENTEROBACTER 
E. cloacae !· aerogenes E. hafniae 
A B c A B c A B c 
INDOLE 0 0 1.7 0 .8 0 - 0 0 
METHYL RED 9.5 3.3 NT 0 1.6 NT -- 35 NT 
VOGES-PROSKAUER 100 100 94.1 100 100 100 - 83.6 50 
SIMMONS': CITRATE 100 98.9 99.3 100 92.6 99.3 - 5.6 24.3 
HYDROGEN SULFIDE 0 0 0 0 0 0 - 0 0 
UREASE 76 74.6 2.0 33 5 3 - 6.6 6.6 
MOTILITY 100 92.4 NT 100 91.7 NT - 94.1 NT 
LYSINE DECARBOXYLASE 0 0 0.4 92 97.5 98.6 - 99.6 100 
ARGININE DIHYDROLASE 100 92.4 99.6 0 0 0 - 4.6 4.4 
ORNITHINE DECARBOXYLASE 100 93.7 97.5 100 95.9 100 - 98.6 100 
PHENYlALANINE DEAMINASE 0 0 NT 0 0 NT - 0 NT 
GAS FROM GLUCOSE 100 99.3 NT 100 95.9 NT - 98.9 NT 
LACTOSE 95 76.3 .98. 6 100 92.5 97 - 2.8 64.7 
SUCROSE 100 94.1 93.3 100 99.2 100 - 7 6.6 
MANNITOL 100 99.8 98.6 100 100 100 - 100 98.5 
DUlCITOL 4.7 15.2 NT 0.8 4.1 NT - 2.4 NT 
SALICIN 86 69.1 NT 100 99.2 NT - 1' ~ ... .s...L NT w 
(" 
ADONITOL 43 22.2 NT 67 97.5 N~ .L - 0 NT 
INOSITOL !,3 13 37.1 82 96.5 100 - 0 0 
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Table II (Continued) 
E. cloacae !· aerogenes 
A B c A B c 
SORBITOL 95 90.4 95 .. 1 100 98.3 100 
ARABINOSE 100 99.4 99.6 100 100 99 
RAFFINOSE 100 90.7 NT 100 96.7 NT 
RHA.'1NOSE 90 89.8 90.3 83 99.2 100 
MELIBIOSE 100 NT 97.7 100 NT 100 
GELATIN (37 C) 43 NT 3.4 17 NT 11.2 
DNA-ase 0 NT NT 0 NT NT 
1. Numbers in each column represent percent positive: A) encountered in this study; 
B) from Roche Diagnostics; C) From API Chart; NT = not tested. 
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E. hafniae 
A B 
-
0 
-
99.3 
-
3.8 
- 95.4 
- NT 
- NT 
- NT 
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NT 
86 
2.9 
0 
NT 
w 
<!'> 
TAJ>.LE III 
BIOCHEMICAL ACTIVITIES OF SERRATIA 
S. marcescens ~· 1iquefaciens S. rubidae 
A B c A B c A B c 
INDOLE 0 0.1 0 0 1.8 0 
METHYL RED 50 18.5 NT 0 64.2 NT - 31 NT 
VOGES-PROSKAUER 100 98.7 91.1 100 49.5 48.4 - 92 92 
SIMMONS'. CITRATE 100 97.6 97.4 100 93.6 96.6 - 88 '88 
HYDROGEN SULFIDE 0 0 0 0 0 0 - 0 0 
UREASE 17 39.7 13.5 17 . 3.7 19.6 - 4 4 
MOTILITY 100 95.5 NT 100 92.2 NT - 88 NT 
LYSINE DECARBO~LASE 100 99.6 94.8 100 64.2 92.2 - 61 61 
ARGININE DIHYDROLASE 0 0.9 0 0 0 0 - 0 0 
ORNITHINE DECARBOXYLASE 100 99.6 86.3 100 100 100 - 0 0 
PHENYlALANINE DEAMINASE 0 0 NT 0 0.9 NT - 0 N'T 
GAS FROM GLUCOSE 17 52.6 NT 33 72.5 NT - 35 NT 
LACTOSE 100 1.3 96.5 100 15.6 92.9 - 100 100 
SUCROSE 100 99.4 99.7 100 98.2 100 - 96 96 
MANNITOL 100 100 100 100 100 99.1 - 100 100 
DUlCITOL 0 0 NT 0 0 NT - 0 NT 
SALICIN 100 95.5 NT 100 96.3 NT - 88 NT 
ADONITOL 87 46.5 NT 100 8.3 NT - 88 NT u:; 01 
CCl. _; ii 
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Table III (Continued) 
S. marcescens E_. 1iquefaciens 
A B c A B c 
INOSITOL 100 77.3 83.3 83 64.2 79.2 
SORBITOL . 100 99.1 100 100 97.3 96.6 
ARABINOSE 0 0 .9 100 97.3 96.6 
RAFFINOSE 0 . 1.2 NT 100 90.8 NT 
RHAMNOSE 0 0 .3 50 16 .. 5 18.9 
MELIBIOSE 50 NT 49 83 NT 92.2 
GELATIN (37 C) 100 NT 78.4 100 NT 93.5 
DNA-ase 100 NT NT 100 NT NT 
1. Numbers in each column represent percent positive: A) encountered in this study; 
B) From Roche Diagnostics; C) From API Chart; NT = not tested. 
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S. rubidae 
A B c 
- 35 35 
-
8 8 
- 100 100 
- 96 NT 
- 4 L, 
- NT 96 
-
NT 88 
-
NT NT 
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INDOLE + 
METHYL RED + 
VOGES-PROSK.<\.UER -
SIMMONS:' CITRATE -
HYDROGEN SULFIDE + 
UREASE + 
MOTILITY + 
LYSINE DECARBOXYLASE -
ARGININE DIHYDROLASE 
-
OR.l<IITHINE DECARBOXYLASE -
PHENYLALANINE DEAMINASE + 
GAS FROM GLUCOSE A/6 
LACTOSE -
SUCROSE + 
MANNITOL -
DULCITOL -
SALICIN -
ADONITOL -
TABLE IV 
BIOCHEMICAL ACTIVITIES OF PROTEUS 
P. vulgaris 
ATCC B 
+ 91.4 
- 93 
- 0 
- 11 
+ 95 
+ 95 
+ 95 
-
0 
-
0 
- 0 
+ 100 
-
86 
- 0 
+ 95 
- 0 
-
0 
- 58 
-
0 
--!fi~j . FFII.IIii -:-nT:rl: 
I 
,, 
' 
c 
98.2 
NT 
0 
27 
92.2 
99.6 
NT 
0 
0 
0 
NT 
NT 
0 
82.6 
0·.4 
NT 
NT 
NT 
P. mirabilis 
A B c 
0 3.2 0.5 
100 99 NT 
35 16 9.1 
100 59 47.2. 
65 94 94 
100 89.3 99.7 
100 95 NT 
0 0 0 
0 0 0 
100 98.4 99.2 
100 99 NT 
t,o 96 NT 
0 2 0.2 
0 19 2.1 
0 0 0 
0 0 NT 
0 1 NT 
0 0 NT 
:~..:~ lrTFI: llll 
.!1 
i,: 
R_. l!'.arganii R_. rettgeri 
A B c A B c 
100 99.5 97.2 95.9 99.4 
100 97 NT 93 NT 
0 0 0 0 0 
0 0 0 96 97.5 
0 0 0 0 0 
100 97.1 99.9 100 99.4 
100 88 NT 94 NT 
0 0 0 0 0 
0 0 0 0 0 
100 95.7 99.3 .0 0 
100 95 NT 98 NT 
100 86 NT 12 NT 
0 0 0 9 0 
0 1 1.2 13 1.2 
0 0 0.1 89 83.3 
0 0 NT 0 NT 
0 0 NT 30 NT 
0 0 NT 81 NT w 
'l 
····· \JF. --, 
Table IV. Continued 
!'_. vulga_ris 
237 ATCC B c 
INOSITOL - - 0 0.4 
SORBITOL - - 0 0 
ARABINOSE - - 0 1.8 
RAFFINOSE - - 0 NT 
RHAMNOSE - - 9 11.4 
MELIBOSE - - NT 1.4 
GELATIN (37 C) NT NT NT NT 
DNA-ase NT NT NT NT 
1. Numbers in each column represent percent positive: 
Diagnostics; C) from API Chart; NT = not tested. 
J,: ·1;::-J:::rr 
I II 
I ! 
I I I, I! ' 
i i 
I 
P. mirabilis !'_. marganii !'_. rettgeri 
A B c A B c A B c 
0 0 0 0 0 0 93 93.1 
0 0 0 0 0 0 1 1.9 
0 0 1.0 0 0 1.8 0 2.5 
0 1.0 NT 0 0 NT 9 NT 
0 2 0 0 0 0 68 48.8 
0 NT 1.0 Q NT 0.7 NT 2.5 
NT NT NT NT NT NT NT NT 
NT NT NT NT NT NT NT NT 
A) encountered in this study; B) from Roche 
I' .:1 . I !! ~ 
-1 ": Tl"~~ fill -,1! ! . I' I '. 
' I: 
"'' 00 
TABLE V 
BIOCHEMICAL REACTIONS OF ESCHERICHIA COLI 
Iridole 
Methyl Red 
Voges-Proskauer 
Simmons': Citrate 
Hydrogen Sulfide 
Urease 
Motility 
Lysine Decarboxyl~se 
Arginine Dihydrolase 
Ornithine Decarboxyl~se 
Phenylalanine Deaminase 
Gas from Glucose 
Lactose 
Sucrose 
Mannitol 
Dulcitol 
Salicin 
Adonitol 
Inositol 
Sorbitol 
Arabinose 
Raffinose 
Rhamnose 
Melibiose 
Gelatin (37 C). 
DNA-ase 
A 
93 
100 
0 
0 
0 
0 
73 
100 
33 
66 
0 
100 
100 
53 
100 
87 
40 
0 
6 
100 
100 
53 
100 
80 
NT 
NT 
B 
96.3 
99:9 
0 
0.2 
0 
0 
62.1 
80.6 
16.3 
57.8 
0 
92 
01.6 
53.7 
97.5 
49.3 
36 
5.2 
0.9 
80.3 
99.3 
49.4 
83.5 
NT 
NT 
NT 
c 
99.3 
NT 
0 
0 
1.2 
0 
NT 
73.3 
7.1 
70.3 
NT 
NT 
97.5 
39.2 
99.1 
NT 
NT 
1.0 
94.2 
92.6 
NT 
85.7 
78.4 
NT 
NT 
39 
Numbers in each column represent percent positive: A) en-
countered in this study; B) from Roche Diagnostics; C) from 
API Chart; NT = Not Tested. 
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TABLE VI 
ANTIMICROBIAL ACTIVITIES OF!· !'NEUMONIAE, .§_. CLOACAE, 
E. AEROGENES, ~· MARCESCENS, ~· LiqUEFACIENS* 
K. pneumoniae E. cloacae .!!:_. aerogenes S. marcescens £_. liguefaciens 
s I R s I R s I R s I R s I R 
AMPICILLIN 0 0 100 0 0 100 0 0 100 0 0 100 0 0 100 
CARBENICILLIN 0 0 100 95 5 0 58 0 42 67 0 33 . 67 0 33 
STREPTOMYCIN 86 0 14 91 0 9 100 0 0 100 0 0 100 0 0 
GENTAMICIN 100 0 0 100 0 .0 100 0 0 100 0 0 100 0 0 
TOBROHYCIN 100 0 0 100 Q. 0 100 0 0 100 0 0 100 0 o. 
KANAMYCIN 100 0 0 100 0 0 100 0 0 100 0 0 100 0 0 
NEOHYCIN 100 0 0 100 0 0 100 0 0 100 0 0 100 0 0 
AHIKACIN 100 0 0 100 0 0 100 0 0 100 0 0 100 0 0 
CEFAMANDOLE 100 0 0 100 0 0 67 0 33 33 0 67 17 33 50 
CEPHALOTHIN 100 0 0 0 0 100 0 0 100 0 0 100 0 0 100 
POLYMYXIN B 100 0 0 95 5 0 100 0 0 83 17 0 83 0 17 
NITROFURANTOIN 97 3 0 91 0 9 100 0 0 0 0 100 0 0 100 
*Figures represent percent positive. 
S = Susceptible 
I = Intermediate 
R = Resistant 
""' 0 
I I r.l >II :Tl: i I - II .. I :-----,, 
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TABLE VII 
ANTIHIGROBIAL ACTIVITIES OF R_. VULGARIS, 
· ~· vulgaris 
s I R 
AMPICILLIN so a 0 so 
CA.'UlENICILLIN 100 0 0 
STREPTOHYCIN 100. 0 0 
GENTAHICIN 100 0 0 
TOBROI1YCIN 100 o. 0 
KANAI1YCIN 100 0 0 
NEOI1YCIN 100 0 0 
AMIK.'\.CIN 100 0 .0 
CEFAMANDOLE so a 0 so 
CEPHALOTHIN .0 so a so 
POLYMYXIN B soa 0 so 
NITROFURANTOIN 100 0 0 
*Figures represent percent positive 
S = Susceptible 
I = Intermediate 
R = Resistant 
aCharacterize ATCC 
1
1',[1'1'1 
'I 
II 
P. MIRABILIS, .£.. MORGA. "'II, .!'.· COLI* 
P. mirabilis 
s I R 
100 0 .0 
100 0 0 
80 s 15 
100 0 0 
9S 0 5 
9S s 0 
- 90 10 0 
90 s s 
100 0 0 
100 0 0 
0 0 100 
5 s 90 
11\I'!T -Ill B..! I: 
1, 
I 
; I 
'I 
I I 
R_. morganii 
s 
0 
100 
100 
100 
100 
100 
100 
100 
100 
0 
0 
100 
I R 
0 100 
0 0 
0 0-
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 100 
0 100 
0 0 
:1:;1 I ill qT!,llll 
:: 
:I 
illl 
I 
E. coli 
---
s I R 
87 0 13 
87 0 13 
60 13 27 ' 
100 0 0 
100 0 0 
100 0 0 
100 0 0 
100 0 0 
100 0 0 
87 0 13 
100 0 0 
87 0 13 
>!> ,_, 
!I 
Disc 
Potency 
AMPICILLIN 10 meg. 
CARBENICILLIN 100 meg 
STREPT0!1YCIN 10 meg 
GENT&'!ICIN 10 meg 
TOBROi1YCIN 10 meg 
KANlli'!YCIN 30 meg 
NEOMYCIN 30 meg 
il.l!IKACIN 10 meg 
CEFAMANDOLE 30 meg 
CEPHALOTHIN 30 meg 
POLYHYXIN B 300 meg 
NITRO FURlu'ITTO IN 300 meg 
i' "\~~' 
1'1 i 
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TABLE VIII 
INTERPRETATION OF ZO~ffi SIZE 
-
Inhibition Zone DiamPter to Nearest mm 
--
Resistant Intermediate 
mm o-r Less mm Range 
11 12-13 
17 18-22 
11 . 12-14 
12 ---
11 12-13 
13 14-17 
12 13-16 
11 12-13 
10 11-15 
14 15-17 
8 9-11 
14 15-16 
'I 
,I 
' r,~ ···· :,11 ---~.1.-:r:ur: .. li 
Sensitive 
mm or More 
14 
23 
15 
13 
14 
18 
17 
llf 
16 
18 
12 
17 
-, ~~ -"~~ '1
1
r_ 
1
_ I II',. 
I '; I'' . I 
' . I 
"'" tv
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TABLE IX 
DIAGNOSTIC BIOCHEMICAL AND ANTIBIOGRAM 
PATTERNS OF THE KLEBSIELLAE ~c'~~ 
-----
c;-
--- ------
" ~ r;=~·~~~~~~~~ -~-
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~--
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Ill 
ru 
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ttl p ..... Ul 
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~I ~.i I ~I ~I ~I ~I .,;I ,;I '--'- -----
- -- - -----
r 
~= --
INDOLE NR NR NR NR NR + + 
HYDROGEN SULFIDE NR NR NR NR NR + + 
MOTILITY +. + + + NR NR NR 
LYSINE DECARBOXYLASE + + +. + NR NR NR 
ARGININE DIHYDROLASE + NR NR NR 
ORNITHINE DECARBOXYLASE + + + + + + 
ARABINOSE + + + + NR NR NR 
RAFFINOSE + + + + NR NR NR 
RHAMNOSE + + + + NR NR NR ~-~ 
DNA-se + + NR NR NR 
-
AMPICILLIN NR NR NR NR NR Rl s R 
----
CARBENICILLIN R s S/R S/R S/R NR NR Nll 
CEF Al'!ANDOLE s s S/R R/S R/I/S R s s 
CEPHALOTHIN s R R R R R s R 
NITROFURANTOIN s S/R s R R s R s 
-----
s - Susceptible 
R- Resistant 
I - In te rrnedia te 
S/R - 50-89% are susceptible 
R/S - 50-89% are resistant 
-----
-
R/I/S - Variable reaction, most strains resistant 
1 based on patient strain 
NR - Not relevant 
PROCEDURES 
ANTI~CROBIAL SUSCEPTIBILITY TESTING 
The TSA plates, 150 mm in diameter, are prepared as 
follows:. Rehydrate 30 gm TSA agar (Difco) in one liter 
distilled water, boil, and dispense in 65 ml aliquots into 
120 ml screw top glass bottles. After autoclaving, the 
medium is poured into.l5 X 150 mm sterile plastic petri 
dishes which are stored at 2-6 C for a maximum of 7 days. 
For susceptibility testing, the test organism is introduced 
into a tryptic soy broth (TSB) until the density of the bac-
terial growth based on visual observation is approximately 
equal to that of a BaC12 in H2S04 standard ( 0. 5 ml of a 1% 
BttC1 2 solution in 99.5ml of 0.36 n H:2S04);·· If the bac-
terial. suspension is too turbid, it is diluted with sterile 
TSB. The suspension is evenly streaked with a sterile cotton 
swab after excess moist.ure is removed by pressing the swab 
on the inner walJ. of the TSB tube, usi.ng the "three-plane" 
method to establish equal distribution of the bacteria .on a 
TSA plate. The surface is allowed to dry for at least 5 
minutes but not longer than 20 minutes. Antimicrobial impreg-
·nated discs·are placed evenly on each plate by using a 12 
magazine 150 mm dispenser (Difco). The isolates are then 
44 
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incubated for a period of 18-24 hours, and diameter of each 
zone of inhibition measured in mm and recorded as S, I, or 
R for susceptibility or resistance. Interpretation of sus-
ceptibility or resistance is determined by using Table VIII 
as a guide line. 
Carbohydrate Fermentation (Lactose, mannitol, dulcitol, 
-----·--
salicin, adonitol, inositol, sorbitol, arabinose, raffinose, 
rhamnose, melibiose) 
These phenol red sugars were purchased from Key Scien-
tific Products Company, Los Angeles, California. Following 
the manufacturer's instructions, one ml of sterile distilled 
water is added to a 12 x 75 sterile plastic test tube; a tab-
let of the particular sugar is added and the tube inoculated 
heavily, incubated for 48 hours and readings made at 24 and 
48 hours. A positive test is indicated by a change in 
color from red to yellow. 
Carbohydrate Fermentation (Glucose and Sucrose) 
Twenty ml aliquots of rehydrated 0.5% Phenol Red Sugar 
(Difco) are dispensed into 20 x 150 mm test tubes along with 
an inverted 10 x 75 ~~ Durham tube. After autoclaving the 
-
tube is inoculated and incubated for 48 hou'rs with readings 
taken at 24 and 48 hours. A positive test for fermentation 
is evident by a color change from red to yellow, and gas 
producti.on in the form of fluid displacement in the Durham 
tube occupying the top 10% or more of the total volume of 
the inverted tube. 
[ .. 
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Citrate Test 
Twenty four grams of Simmons' Citrate Agar (Difco) are 
rehydrated in one liter distilled water, dispensed as 5 ml 
aliquots into 16 x 125 mm test tubes, autoclaved and allowed 
to solidify as a slant. Inoculation is accomplished with a 
loop, using the "streak" method and i_ncuba t ion for 24-48 
hours. A positive test is indicated by a color change in 
the medium from green to blue. 
Decarboxylase (Lysine a~d Ornithine) 
Nine grams of Decarboxylase Medium Base (Difco) is re-
hydrated in one liter distilled water with L-lysine (L-
ornithine)-to obtain a 0.5% solution. The pH :is checked, 
and adjusted to 6.6 if necessary. Eight ml aliquots are 
qispensed into 16 x 125 mm screw top tubes, autoclaved, 
cooled, inoculated, layered with 4-5 ml of sterile mineral 
oil and incubated for 48 hours. A positive test is indicated 
by a purple color (alkaline). 
peoxyribonuclease Test (DNAse) 
Forty two grams of DNAse agar (Difco) with methyl green 
are rehydrated in one liter of distilled water, autocb.ved, 
allowed to cool, and poured into 15 x 100 mm sterile petri 
dishes. A loopful of 24-hour broth culture, is streaked on 
the surface of the plate, and read at 24 and 48 hours' A 
positive test is indicated by a cear zone around the inocu-
lated streak due to the dissociation of highly polymerized 
deoxyribonucleic acid. 
, __ _ 
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Dihydrolase (Arginine) 
Nine grams of Decarboylase Medium Base (Difco) are re-
hydrated in one liter of distilled water with a L-arginine 
to obtain a 0.5% solution. The pH is checked and adjusted 
to 6.6 if necessary. Eight ml aliquots are dispensed into 
16 x 125 mm screw top tubes, autoclaved, inoculated, layered 
with a 4-5 ml of sterile mineral oil and incubated for 48 
hours. A positive test is evident·by a purple color 
(alkaline). 
Gelatin Hydrolysis 
A single gelatin strip (Key Scientific Co.) is placed 
in a 12 x 75 mm sterile plastic test tube that contains one 
ml of sterile distilled water. The tube is then inoculated 
heavily and i.ncubated for 48 hours. Proteolysis of gelatin 
is indicated by digestion of.the gelatin layer exposing 
the underlying plastic support strip. 
Hydrq_g:en Sulfide Production (TSI) 
Fifty two grams of Triple Sugar Iron (TSI) agar (Difco) 
are rehydrated in one liter of distilled water, dispensed as 
7 ml ali.quots into 16 x 125 mm screw top test tubes, auto--
claved, and allowed to solidify in a slanted position. The 
medium is inoculated with a needle using the stab and strea.k 
method and incubated for 24 hours. A posi.tive test is 
indicated by a blackening of the stab line and the surface 
of the slant. 
;=:;- -
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Indole Test 
Fj_fteen grams of Tryptone (Difco) are rehydrated in 
one liter of distilled water, dispensed as 5 ml aliquots 
into 16 x 125 mm screw top test tubes, and autoclaved. A 
48 
loopful of a broth culture is introduced and incubated for 
24 hours. Five drops of Kovac's reagent (Isoamyl alcohol 
150 rnl, paradimethylaminobenzaldehyde 10 g, and concentrated 
Hydrochloric acid 50 ml) are added and the tube agitated 
gently. A postive test is indicated by a deep red color 
at the surface within one minute. 
Methyl Red Test 
Seventeen grams of MR-VP Medium (Difco) are rehydrated in 
one liter of distilled water, dispensed into 16 x 125 mm 
screw test tubes, and autoclaved. A loopful of the culture 
is introduced and incubated for 48 hours. Six drops of methyl 
red indicator (methyl red 0.1 g, 95% ethyl alcohol 300 ml, 
distilled water to make 500 ml), are added and the reaction 
read immediately. Positive test is evidenced by a red color 
and negative tests are yellow or orange. 
MotLJ,_ity 'J'est 
Motility test medium was purchased from Bennett Bal<:te 
Laboratories, Berkeley, California. Inoculation is accom-
plished with a needle using the "stab" technique and incuba-
tion for 24, hours. A positive test· for motility is shown 
-
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by a purple-red color dispersed throughout the medium. Non-
motile bacteria produce the same color but only along the 
stab line. 
Phenylalanine Deaminase Test 
Nine grams of Phenylalanine Deaminase Medium (BBL) is 
added to one liter of distilled water, dispensed as 7 ml 
aliquot into 16 x 125 rum screw top test tubes, autoclaved, 
and allowed to solidify as a slant. A loopful of culture 
is streaked and tubes i~cubated for 24 hours. Aqueous FeCl3 
is dripped down the slant of the agar. A positive test is 
_indicated by a change in color from yellow to green. 
Urease Test 
Urea agar slants were purchased from Bennett Bakte 
Laboratories, Berkeley, Ca.lifornia. Inoculation is accom-
plished with a loop, using a 24 hour broth, to streak the 
surface of the slant and incubation for 24 hours. A posi-
tive test is indicated by a cerise color on the slant, or 
throughout the medium. 
Voges-Proskauer Test 
Seventeen grams of MR-VP Medium (Difco) are rehydrated 
in one liter of water, dispensed as 3 ml aliquots into 
16 x 125 rum test tubes and autoclaved. A loopful of culture 
is introduced and incubated for 48 hours. Barritts reagents 
(6 drops of 40% aqueous KOH and 12 drops of 5% alpha-napthol 
8--------' _ _:__ 
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in ethyl alcohol) are added, the tube shaken after adding 
the reagents. A red color within 5 minutes is indicative 
of a positive test. 
I' 
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